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Introduction

® Importance of my in several aspects of our understanding of fundamental physics.

Power law expansion of the potential [ — — iF,ul/F'UV
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» Understanding the perturbative expansion of its
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» Understanding the perturbative expansion of its
potential (Av2h2).
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» Precise higher order corrections to the theory s= 13 TeV

predictions of the Higgs interactions depend on the
value of mpy:
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» Input to precision global fit of the Standard Model.
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Introduction

® Importance of my in several aspects of our understanding of fundamental physics.

Gfitter Collaboration
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Power law expansion of the potential
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» Precise higher order corrections to the theory
predictions of the Higgs interactions depend on the
value of my:
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» Input to precision global fit of the Standard Model.

» Free parameter to be determined by the experiment
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Introduction

® Importance of my in several aspects of our understanding of fundamental physics.

» Point of performance benchmark for ATLAS and CMS.
» Solenoid (4T) vs solenoid + toroid, lead tungstate scintillating crystals vs liquid argon sandwich, ...
» As C.Anastopoulos said yesterday, their names say it all.
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How to race ?

® In the H— ZZ— 448 the signal is a narrow resonant peak above a background continuum.

£ = electron or muon
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Invariant mass distribution

(I)  Statistical precision precision depends upon: resolution of the reconstructed final state and number of
signal events.

(Il) Systematic uncertainty from understanding of detector performance:
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Run | Discovery

® Run-| featured in primis the discovery in July 2012
» First properties measurements

» How did the mass measurements evolve since the discovery.

» Where do we stand with our understanding of the Higgs boson mass 10 years later and how did we get

there !
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Run | status

® ATLAS+CMS Run | precision on my of 2 per mille.

» combined measurement from H—vyy and H— Z7*—42.

I J_ [ [ [ [ | [ [ [ [ | [ [ [ [ | [ [ [ [ J_
S ~ ATLAS and CMS —— H—=yy .
Z 6 —— H—ZZ 4] s
c - LHC Run 1 —— Combined y y +4/ ]
Y R e Stat. only uncert.
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» For both channels dominated by statistical uncertainty.

mpy = 125.09 + 0.21 (stat.) &= 0.11 (scale) £ 0.02 (other) £ 0.01 (theory) GeV
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Run | status

® ATLAS+CMS Run | precision on my of 2 per mille

» For both channels dominated by statistical uncertainty.

ATLAS and CMS
LHC Run 1

ATLAS ECAL non-linearity /
CMS photon non-linearity

Material in front of ECAL
ECAL longitudinal response

ECAL lateral shower shape

Photon energy resolution

ATLAS H — yy vertex & conversion
reconstruction

Z — ee calibration

CMS electron energy scale & resolution

Muon momentum scale & resolution

ATLAS H — yy background modeling

Integrated luminosity

Additional experimental
systematic uncertainties

Theory uncertainties
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Run | status

® ATLAS+CMS Run | precision on my of 2 per mille

» combined measurement from H—vyy and H— Z7*—42.

ATLAS and CMS
LHC Run 1

ATLAS H—yy

CMS H—yy =

CMS H—ZZ—4l] I

—e— Total

Stat. 1 Syst.

Total Stat. Syst.
126.02 = 0.51 ( £ 0.43 = 0.27) GeV

124.70 = 0.34 (= 0.31+ 0.15) GeV
124.51+ 0.52 (= 0.52 = 0.04) GeV

125.59 + 0.45 (+ 0.42 = 0.17) GeV

» In the mean time and within ATLAS,
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ATLAS+CMS yy |—|EII—| 125.07 = 0.29 ( = 0.25 = 0.14) GeV
ATLAS+CMS 4l | QT : 125.15 = 0.40 ( = 0.37 = 0.15) GeV
ATLAS+CMS yy+4l = 125.09 = 0.24 ( = 0.21 = 0.11) GeV
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Energy resolution

® Ve used well known processes to calibrate the detector response.
» Resonant process of J/¢, (Y) and Z,

» for modelling of calorimeters deposits, alignment precision, etc.
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Run | status

® ATLAS+CMS Run | precision on my of 2 per mille.

» combined measurement from H—vyy and H— Z7*—42.

< fprprToOTT SR L L B L BN B AL I I
KCI - ATLAS —— Combined yy+4l N
v gl Vs=7TeV [Ldt= 4.5 b —— H—yy -
~ Vs=8TeV [Ldt=20.3fb" H—77"— 4 ]
5:_ ------ vyithout systematics _:
4f— ------------------------------------------------------------------------ —320
3 -
o .
‘If— ------------------------------------------------------------------ —310
0% o5 538 124 1248 125 1552 126 1262 127 1575
m, [GeV]
» ATLAS compatibility between Yy and 4£ 4%
Channel Mass measurement [GeV]
H — vy 125.98 + 0.42 (stat) + 0.28 (syst) = 125.98 + 0.50

H—Z7Z7Z*—4¢ | 124.51 £ 0.52 (stat) + 0.06 (syst) = 124.51 +£ 0.52
Combined 125.36 £ 0.37 (stat) + 0.18 (syst) = 125.36 + 0.41
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Run | status

® ATLAS run | precision on my of 0.33%

» combined measurement from H—vyy and H— Z7*—42.

ATLAS and CMS

—e— Total
LHC Run 1
ATLAS H=ry
CMS H—yy
ATLAS H—ZZ —4]

CMS H—ZZ—4l]

ATLAS+CMS yy

Stat. 1 Syst.

Total Stat. Syst.
126.02 = 0.51 ( £ 0.43 = 0.27) GeV

124.70 = 0.34 (= 0.31+ 0.15) GeV
124.51+ 0.52 (= 0.52 = 0.04) GeV
125.59 = 0.45 ( + 0.42 = 0.17) GeV

125.07 + 0.29 ( + 0.25 = 0.14) GeV

ATLAS+CMS 4] |- 125.15 + 0.40 ( £ 0.37 = 0.15) GeV
ATLAS+CMS yy+4l |—$—| 125.09 + 0.24 ( = 0.21 = 0.11) GeV
| | | | I | | | | I | | | | I | | | | I | | | | I | | | | I | | | | I | |
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m,, [GeV]
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Energy resolution

® Ve used well known processes to calibrate the detector response.
» Resonant process of J/¢, (Y) and Z,

» for modelling of calorimeters deposits, alignment precision, etc.
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Muon pT resolution Mass measurement

® | ocal misalignments: second or first order effects !

» Charge dependent sagitta bias, with net effect of worsening resolution and biasing the result.

» Solution: Let’s correct these a posteriori

ATLAS Preliminary 13 TeV, 33.3fb” Data
3
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P
o
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%))
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2
1
0
1
-2
Detector layer movements biasing
the measurement of the bending of
-3 the particle
Brookhaven

National Laboratory G. Barone |5 June-22



Muon pT resolution Mass measurement

® Local misalignments: second or first [l '

» Charge dependent sagitta bias, with net effect of

» Solution: Let’s correct these a posteriori

ATLAS Preliminary 13 TeV, 33.3fb" Data
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Muon pT resolution Mass measurement

® | ocal misalignments: second or first order effects !

AT H
i

» Charge dependent sagitta bias, with net effect of worl =~ ' =~1

» Solution: Let’s correct these a posteriori

ATLAS Preliminary 13 TeV, 33.3fb" Data
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Muon pT resolution Mass measurement

® | ocal misalignments and second order effects:

» Charge dependent sagitta bias, with net effect of worsening resolution

» In-situ correction based on Z— U data, recovers up to 5% in resolution.

® Momentum scale understood down to the per mille level

» Precision down to 0.5 per mille for [n|<I.0

> 922E°AT1 AS Preliminary ' B ' =
® = b y -4 u(-) - u(-) Uncorr. =
O, 92E13TeV, 3331 + u(s) # u(s) Uncorr =
E% 91.8—0.8 rad < o(u'"**®) <1.6 rad Hi+ Hi+ .
91.6— Z—uu — MC Syst. uncert. _H
914 E—o— E
92— _ S — —
—8— —
N —= e
90.8 —— —
— —D_—D_ _\ — ‘*—_{\_ —D'E
90.6— T —— —
90.4F— —
¢ 1.005 ' ' S
= — \
-sg 1 T SR S mee—— —— ) T o T g e o S
4] - ' (
O o.995F

25 2 15 1 05 0 05 1 15 25

2
q(ulead)

4 Biased positive and negative tracks
k? Brookhaven: -+ Corrected positive and negative tracks
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Et(e/y) resolution Mass measurement
® Good energy calibration necessary for increased precision on mn

» Two step approach: i) material energy loss and ii) global calorimetric scale from
/—ee data.

» Also here: crisis mode to avoid the crisis mode.

® Jotal scale uncertainty of at 40 GeV at the per-mille level.
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35 0.004 1 = (- [ e U, b —>e  mmeeT Material PS to Calo 7
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% y E % 0.004;—_1_
>, 0002 3 0.002/
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H—77—40 results Mass measurement

arXiv:1806.00242

® Final estimate from 4x4 simultaneous un-binned fit
» Four kinematic categories and four final states

= O T o
® Good agreement between channels. = [ ATLAS e
Y B (s=13TeV,36.1 b —4e -
® Systematic uncertainty of 50 MeV W 22w ouze -
i —2e2u _
4 .................................................................................................................................... —26
Systematic effect Uncertainty on m%? [MeV] - -
Muon momentum scale 40 3l N
Electron energy scale 26 i i
Pile-up simulation 10 i ]
Simulation statistics 8 2 /
® Result: [ N U Y A 1
ST o S A

22 1283 124 125 126 127 128
m,, [GeV]

» 25% improved precision with respect to Run | ATLAS Combination.

I%Z* = 124.79 + 0.36 (£0.05 stat only) Ge\a
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https://arxiv.org/abs/1806.00242

ATLAS Combination

® 40 and Yy measurements are combined with ATLAS Run | result arXiv:1806.00242
= T T T T A B I L L L L L B L B
:é, 14:_ ATLAS :ganm?i”ed _: ATLAS ~-Total [ | Stat. only
QA 12__ H — ZZ*+H — yy Combination —Run 2 B Run 1: \s = 7-8 TeV, 25 fo”, Run 2: \(EI:13 TeV, 36.1 fb” Total  (Stat. only)
- Run1: /5 = 7-8 TeV, 25 fb” --Stat. only | Run 1 H—4l | . : 124.51+ 0.52 ( = 0.52) GeV
102_ Run 2: fs =13 TeV, 36.1 fo” _: Run 1H—yy : . ' 126.02 = 0.51 ( = 0.43) GeV
. Run 2 H—4i ———— 124.79 + 0.37 ( = 0.36) GeV
8 | Rum2byy — 12098 £ 040 (+021)GeV
- Run 1+2 H—4i —e—i 124,71+ 0.30 ( = 0.30) GeV
6 Run 142 H—yy . 125.32 + 0.35 ( = 0.19) GeV
; | Run1Combined  4—e— 125.38 = 0.41 (£0.37) GeV
4:_ -------------------------------------------------------------- Run 2 Combined —— 124.86 = 0.27 ( = 0.18) GeV
£\ Cmnrecomed  oteoomomon
e\ =) 4 % ATLAS + CMS Run 1 —— 125.09 + 0.24 ( = 0.21) GeV
0124 co e o e e e e e e e e
123 124 125 126 127 128
m,, [GeV] m,, [GeV]

® ATLAS Run | + 2 (36.1) comparable precision to LHC Run | combination.

my = 124.97 + 0.24(40.16 stat only) GeV
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Combination Mass measurement

® 40 and Yy measurements are combined with ATLAS Run | result arXiv:1806.00242
,CMS 35.9fb” (13 TeV) CMS
= ' Hoyy + Ho ZZo 4iCombination == Hoyy Run 1:5.1 fo (7 TeV) + 19.7 o™ (8 TeV) — Total Stat. Only
a F — — Stat. Only 2016: 35.9 fo (13 TeV)
R — Ho 2254l Total (Stat. Only)
- — — Stat. Only Run 1 H—yy —_— 124.70 + 0.34 (+ 0.31) GeV
B Combined
S N - = Stat. Only
X Run 1 H— ZZ— 4 —— 125.59 + 0.46 ( + 0.42) GeV
4r Run 1 Combined — 125.07 + 0.28 (% 0.26) GeV
3 2016 H—yy —— 125.78 £ 0.26 ( + 0.18) GeV
22_ 2016 H— ZZ—s 4l —— 125.26 + 0.21 (£ 0.19) GeV
2016 Combined o 125.46 £ 0.16 ( = 0.13) GeV
1 ‘ ‘ : ‘ — — - ‘ : - ‘ ]
i Run 1 + 2016 -i- 125.38 £ 0.14 (+ 0.11) GeV
124.5 125 125.5 126 126.5 coao v v b v b by by by by by
my (GeV) 122 123 124 125 126 127 128 129
m, (GeV)

® CMS Run | +2 (36.1) comparable precision to LHC Run | combination.
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Towards full Run 2

® Three-prong approach to reduce uncertainty at analysis level:

(i) (~15%) from m 2 constraint to mz with kinematic fit and mz constraints on alignment weak
modes.

(i) (~2%) from kinematic discriminant selecting signal and background events
» Boosted Decision Tree on p1(4£), y(40) (ATLAS) and log(|.Z || M zz+|?

(i) (2-3% - 11%) from multivariate per-event resolution likelihood.
» Neural network to solve uncertainty correlations induced by kinematic discriminant.

> i , , , , i , , , — , , , , ﬂ = 1 T T 1 1T 1 T 1 T 11 1 T 11 ]
(b} B D ® Data 7] C L D @® Data ]
& . [ ATLASPreliminary o > o 45FATLAS Preliminary ggs (125GeV)
N-IOO_H%ZZ %4'_ -ZZ* ] L|>J :H%ZZ %4“_, -ZZ* ]
S L Vs=13 TeV, 139 fb” o Y : 40 - Vs=13TeV, 139 fo’ Yy —
4\‘2 " 115<m, <130 GeV B 7ot f i g 115 < m, < 130 GeV 7 Zﬂ.(;ts, i g
c 80 7 777 Uncertainty — 35 — 7, Uncertainty —]
o Ut 4 | : , ]
L i I 30 =
60 . - I B
: : a3 ////////% E
- % : 201 s =
40 % }( + - - //// : .
: - ///%/// : 15 7 // =
i - n 7%, /////// ) ]
20~ ] 10 v =
: yw e : 5 _:
0 e :
1 2 3 4 0 =
5 [GeV] -1 -0.5 0 0.5 1
Neural network output of the event’s uncertainty ML output for and background BDT
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H—77—40 results First full Run-2 results

x10°°
_.|(_£ : T | T T T | T T T | T T T | T T T | T : ] ]
S 7oL ATLAS Preliminary [_]rmoseesozey - ATLAS Preliminary . opeened: statssys
E‘ - H N ZZ* N 4| ----- P(m,) Observed: 0.22 GeV . vl__l__> ZTZV —> 41:| y [m1 Observed: Sys-Only
© - 4 |:| P(m | o) Expected: 0.19 GeV ] s=13TeV, 139 b
& 60 Vs=13TeV, 139 fb ! - my, [GeV]
_e - P(m_ |5, Observed: 0.21 GeV — " —
< C ] : +0. +0.
50 - 4u — e 124.80 177 (Stat) 7 (Sys.)
401~ - 2e2u + 124.95 )7 (Stat) 7% (Sys.)
30 - B 2u2e F 125.34 ' (Stat.) _*:_-1"07 (Sys.)
20:_ _: i ) +0.74 +0.10 |
- . 4e o3 124.59 ° (Stat.) _0_'09 (Sys.)
100 . B -
- : | . Combined —f3— 124.92 *>9 (Stat.) ::; (Sys.)
O_ o I N T N A NN S S FA S R T ..I...I...EI....I...I----I----I---
160 180 200 220 240 124 125 126 127
Total Uncertainty on m, [MeV] m,, [GeV]

® ATLAS results: 200 MeV total, systematic uncertainty of ~70 MeV

Systematic Uncertainty Impact (GeV)

Muon momentum scale +0.08,-0.06
Electron energy scale +0.02
Muon momentum resolution +0.01
Muon sagitta bias correction +0.01
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Conclusion

® Higgs physics provide an excellent picture for

» mp one of the most precise measurements in the LHC scientific program.

» High precision by ATLAS and CMS on my achieved by:

(i) Deep understanding our detector at the per-mille level and

(i) Developing smart techniques for best usage of this understanding within the data analysis.

® After a decade of cracking the mass problem:

©

1.Measurement of my at the sub per mille precision level.

2 .Clear understanding of our detectors performance on new resonance.

e ettt ot
ATLAS ~-Total [ |Stat. only
Run 1: Vs = 7-8 TeV, 25 fb™, Run 2: /s = 13 TeV, 36.1 fb”' Total  (Stat. only)
Run 1 H—4/ = 124,51+ 0.52 ( = 0.52) GeV
Run1H—yy ———e———  126.02 = 0.51 ( = 0.43) GeV
Run 2 H—4] ——— 124.79 = 0.37 ( = 0.36) GeV
Run2 H—yy -—ol—- 124.93 + 0.40 ( = 0.21) GeV
| Runt42 H—4l e 124712030 (=030) GeV
Run 142 H—yy ——e—— 125.32 = 0.35 ( = 0.19) GeV
| Run1Combined #—e— 12538 =041 (= 0.37) GeV
Run 2 Combined ———t 124.86 + 0.27 ( = 0.18) GeV
| Run1+42Combined = — 124.97 £ 0.24 (£ 0.16) GeV
| ATLAS+CMSRuni »1—.—4 """""""""" 12500 =024 (= 0.21) GeV
e e ey e by b ey
123 124 125 126 127 128
m,, [GeV]
Brookhaven G.B
. barone

National Laboratory
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CMS

Run 1:5.1 fb™ (7 TeV) + 19.7 fb™ (8 TeV)
2016:35.9 fo' (13 TeV)

- Total Stat. Only

Total (Stat. Only)

Run 1 H—yy  —— 124.70 £ 0.34 (£ 0.31) GeV

Run 1 H— ZZ— 4l —— 125.59 + 0.46 ( = 0.42) GeV

Run 1 Combined | 125.07 £ 0.28 ( + 0.26) GeV
 wtern | o 125782026(+018)Gev

2016 H— ZZ— 4l —— 125.26 £ 0.21 (£ 0.19) GeV

2016 Combined r———t 125.46 £ 0.16 (£ 0.13) GeV
At e 12538+014(011)Gev |
v v v v v b v b b b

122 123 124 125 126 127 128 129
m, (GeV)
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Improve everywhere

® Three-prong approach to reduce uncertainty at analysis level:

(i) (~15%) from m 2 constraint to mz with kinematic fit and mz constraints on alignment weak
modes.

(i) (~2%) from kinematic discriminant selecting signal and background events
» Boosted Decision Tree on p1(40), y(40) (ATLAS) and log(|.Z || M zz+|» (ATLAS and CMS).

(i) (2-3% - 11%) from multivariate per-event resolution likelihood.
» Neural network to solve uncertainty correlations induced by kinematic discriminant.

> | T T T T | T T T T | T T T T ﬂ - I I I I | I I I I | I I I I | I I I I .
(b} B D ® Data 7] C L D @® Data ]
& . [ ATLASPreliminary o > o 45FATLAS Preliminary ggs (125GeV)
N-IOO_H%ZZ %4'_ -ZZ* ] L|>J :H%ZZ %4“_, -ZZ* ]
S L Vs=13 TeV, 139 fb” o Y : 40 - Vs=13TeV, 139 fo’ Yy —
4\‘2 " 115<m, <130 GeV B 7ot f i g 115 < m, < 130 GeV 7 Zﬂ.(;ts, i g
c 80+ Z 7/, Uncertainty — 35 — 7, Uncertainty ]
. . 4 . n | .
Ll - 1 30 =
601 _ - ! .
- : 251 7 E
i % ! o0 ////////// =
40— %/ $ + — n //// 1
] M | 15- _;
_ - - . /////// 0 ]
20~ 7 10 2z * =
: Y : 5 _:
0 e 1
1 2 3 4 0 .
5 [GeV] -1 -0.5 0 0.5 1
Neural network output of the event’s uncertainty ML output for and background BDT
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Mass measurement
® //— vy updated result at Run Il. ArKiv:1506.00242

» Analytical function in kinematic and detector categories.

» Reduction of uncertainty through categorisation of events as a function of resolution and
signal significance.

® Expected statistical uncertainty of 0.2|1 GeV and 0.34 GeV systematic uncertainty

m} =124.93 + 0.40 (£0.21 stat only) GeV |

————
e Data ATLAS -

E -
600F ...... =
E E e E%angjlrgul??:ckground (s=13TeV, 36.1 b E
_-GS.; 500 — Signal In(1+S/B) weighted sum _~ Source Systematic uncertainty in myg [MeV]
= - - EM calorimeter response linearity 60
2 400:_ = Non-ID material 55
300:_ E EM calorimeter layer intercalibration 55
- ] Z — ee calibration 45
200:_ N - ID material 45
- - Lateral shower shape 40
100 s Muon momentum scale 20
- ] Conversion reconstruction 20
g ——— ey l l - H — ~v background modelling 20
3 20E- E H — ~v vertex reconstruction 15
Z Y= E e/~ energy resolution 15
5 0 All other systematic uncertainties 10
i] -10 . o L L T B
110 120 130 140 150 160
m,, [GeV]
k? Brookhaven G. Barone
National Laboratory . 28 June-22
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Mass measurement
® //— vy updated result at Run Il. ArKiv:1506.00242

» Analytical function in kinematic and detector categories.

» Reduction of uncertainty through categorisation of events as a function of resolution and
signal significance.

® Expected statistical uncertainty of 0.2|1 GeV and 0.34 GeV systematic uncertainty

m} =124.93 + 0.40 (£0.21 stat only) GeV |

> ma— AL L L L
O — _
S soob * Data ATLAS -
E — E%angjlrgul??:ckground (s=13TeV, 36.1fb" .
_-GS.; 5000 — Signal In(1+S/B) weighted sum Source Systematic uncertainty in my [MeV]
= - - EM calorimeter response linearity 60
A 4001 = Non-ID material 55
3002_ E EM calorimeter layer intercalibration 55
- Seedy ] Z — ee calibration 45
200:_ . _: ID material 45
- . Lateral shower shape 40
100 = Muon momentum scale 20
- ] Conversion reconstruction 20
2 = = I I = H — ~~v background modelling 20
8 20E E H — ~v vertex reconstruction 15
. 10E E e/~ energy resolution 15
g’ :: All other systematic uncertainties 10
W10 T
110 120 130 140 150 160
m,, [GeV]
k? Brookhaven G. Barone
National Laboratory . 29 June-22
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Et(e/y) resolution Mass measurement
® Good energy calibration necessary for increased precision on mn

» Two step approach: i) material energy loss and ii) global calorimetric scale
from Z—ee data

® Jotal scale uncertainty of at 40 GeV at the per-mille level.

3
> 0.006 T I LI I 1 1 | T 1 | T 1 1 T T 1 I 1 1 I 1 1 > 120011(? LA LI S Y I B O B O N B N B LI I I B B I B B B L S B N B B
E B Totaluncertainty ... MG/HG gain N 8 ~ ATLAS Preliminary +4-Calibrated data ’
[ I — 2 *cz‘:i;a"b' — ID material i 2 1000/ V5=13 TeV, 36.1 b —Corrected MC
8 0.004 wow Material ID to PS — = - Z—ee Scale factor uncert.
% ----------- Uy b € e Material PS to Calo : -GC—)- 800_— T
0 . i C 0
% 0.002 S so0l E
U) a0 cm s a — —
> B i
o 400— —
m — —
c B _
- 2001~ ~
—0.002f — f .
ATLAS e T e B I
| O 1.1_— =
—0.004 Electrons, m|=0.3 _ = 1.05p e, e, , =
R i | E 1:_ ................................ ﬂ’""'—.—-‘-_._wm—.—..._.__._ ................................................ =
| | | | 1 | | | | I 1 1 1 I 1 | | | | | 1 | 1 | 1 | 1 1 | I 1 1 | I | 1 -E O 955_ -.-.-".'-.-".' '."-.-.-
20 40 60 80 100 120 140 160 180 a O oF 3
E; [GeV] 80 82 84 86 88 90 92 94 96 98 100
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Et(e/y) resolution Mass measurement
® Good energy calibration necessary for increased precision on mn

» Two step approach: i) material energy loss and ii) global calorimetric scale
from Z—ee data

® Jotal scale uncertainty of at 40 GeV at the per-mille level.

o
o
S
o3)

I I | l LI I LI I l LI I I LI I l LI I I LI I ] T I O 008 :
— . . — . I I I I | I I I I I I I I I I I I I I | I I I ] I I I I I I I I I I I
B — ';ot_a)lel;ngaelri:)amty ----- MG/HG gain - - -- Lateral leakage ] B Total uncertainty ~ ..... MG/HG gain i
B g ' ——— ID material 7] | [ Z — eecalib. . - - - - Lateral leakage ]
0006 — === 0 pg calib. M . —] O 006 - lib —— ID material ]
- oL aterial ID to PS . - OUo— ---- 0pg calib. .
L - %p P Conversion eff. | - aow e Material ID to PS . -
--------- o, L—e -===-=- Material PS to Calo | 12 M . <« Conversion eff. _
O 004 - 1/2 = | e O, —>e  ====- Material PS to Calo |
UL : 0.004%

o
o
S
R

O
o
o
[\
T

Energy scale uncertainty
Energy scale uncertainty

e e - Oll‘f i

~0.002 = ~0.002-
-0.004  ATLAS = 0.004F— 2 —

- = —0. ATLAS

- Unconverted photons, n|=0.3 - " Converted photons, in|=0.3 g
— 1 1 I 1 1 1 | 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 I 1 1 ] I 1 1 1 I 1 1 ’ ) -

0-006 20 40 60 80 100 120 140 160 180 _0.006 1 12IOI 1 14101 1 16101 1 18101 1 ‘IIOIOI 1 :Iéol 1 i4l-ol 1 -lléol 1 %8I0l 1 1
E; [GeV] E; [GeV]
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Run | status

® ATLAS run | precision on my of 0.33%

» combined measurement from H—vyy and H— Z7*—42.

Channel Mass measurement [GeV]

H — yy 125.98 + 0.42 (stat) = 0.28 (syst) = 125.98 + 0.50
H— 77— 4¢ | 124.51 £ 0.52 (stat) + 0.06 (syst) = 124.51 £ 0.52
Combined 125.36 + 0.37 (stat) = 0.18 (syst) = 125.36 + 0.41

» For both channels dominated by statistical uncertainty

-2InA
~

- ATLAS — Combined yy+4l 1

6:—‘@ 7 TeV [Ldt= 45fb‘1 —— H—yy 3

~ Vs= 8TerLdt 20.3 fb —  H—=>Z77*— 4] _

5:_ ------ vyithout systematics _:

® At Run2 aim in improving - ]
. . Qi—-\ e e e e e —20

significantly on Omn: : :

3 —

» Expect 7 times more candidates, with 2_ E
139 fb-! at Vs=13 TeV o N NN EN

OE| el '."'..|....|....|E

123 1235 124 1245 125 1255 126 126.5 127 127.5

m,, [GeV]
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Run | Legacy

® Run-| featured in primis the discovery

» First properties measurements ATLAS and CMS T~ATHAS = OMS
» Programme largely limited by statistical accuracy. LHC Run 1 - ATLAS+CMS
« _
. | = =
® Properties: B :
o o . K — —
» ATLAS precision in my of 0.33%: W = =
» Couplings measured to 10% to 25% precision K ———
s i
» H—inv. constrained to < 30% B ;
° h(T| —
. . 3 . . _+_
» First studies of JPC = 0, (indirect) width I'y< 14.4 MeV i :
(15.2 MeV) iy S
h<g| _-.-_i
7_|IIIIIIIIIIIIIIIIIIII|||||||II|IIII|IIII_ —*I—
s - IA'r[_Als | | — Combined yy+4 . IKVI —
C}l 6_ S = 7TerLdt 45fb1 —H—>'YY ] — |‘KVIS‘I .
~ Vs=8TeV [Ldt=20.3fb"  Ho77"—a - B Bggy = 0 o
5 without systematics BSM | | | r'_—_l | | |
- . -15 -1 -05 O 0.5 1 1.5 2
4:— ------------------------------------------------------------------------- —:20
3;_ _; Channel Mass measurement [GeV]
2F — H — yy 125.98 + 0.42 (stat) + 0.28 (syst) = 125.98 + 0.50
e N N N T H—ZZ*—4¢ | 124.51 £0.52(stat) + 0.06 (syst) = 124.51 £ 0.52
0: | | | | N 17 | lf Combined 125.36 + 0.37 (stat) + 0.18 (syst) = 125.36 £ 0.41

123 123.5 124 124.5 125 1255 126 126.5 127 127.5
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® /[/—vyy updated result at Run II.

Mass measurement

» Analytical function in kinematic and detector categories.

arXiv:1806.00242

» Reduction of uncertainty through categorisation of events as a function of
resolution and signal significance.

® Expected statistical uncertainty of 0.2|1 GeV and 0.34 GeV systematic uncertainty

-0.21 stat only) GeV

YY __ 1
3 =124.93 % 0.40 (
R I L B L I R B I
ATLAS ; s=13 TeV, 36.1 fb™
T H— | N
- YY _ .
BE o~
EE .
cc .
uc .
Uuu —|—0—
IIII|IIII|IIII|IIII|IIIIlllllllllllllllllllllllII
5 4 3 2 -1 0 1 2 3 4 5
A [GeV]
=% Brookhaven
kt National Laboratory G. Barone
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) weights / GeV

Y weights - fitted bkg
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400
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200
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e Data ATLAS
------ Background 4
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Object selection

1

> —
® Electrons (e). S oosE. . .
S U E o —— :
. . & 09:_ @3{93‘“% " 2
» Isolated objects clustered from calorimeter energy e o '
. . . — 0.85k O A
deposits with associated ID track. 08?%? e
» Er>7 GeV,|n| <247 and |zo sin(V)| < 0.5 mm 0.75 | L 0" -
L ATLAS Preliminary
0'7q /s =13 TeV, 43.8 fb”
0.65 -2.47<n<2.47
06% —+— Loose
~E —s— Medium
= —— Tight
0'555 Data: full, MC: open
® Muons (u). S
O '|.05-E T T T T T I I I =
» Combined track fit of Inner Detector and Muon § Og;;
Spectrometer hits, 8 ook

» pt>5GeV,|n| <2.7 |zo sin(V)| < 0.5 mm of “loose or 0.85

medium quality”
» Isolated objects

® Missing transverse energy ([f/rmiss),

» Inferred from transverse momentum imbalance

Tracking
¢ Brookhaven G.B J{
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Object selection

® Electrons (e).

. —a— JAp—pu MC
0.94 Medium muons Z—uu Data

> B | S N L B B B LA B LN UL L B
(©] =
c 2 7 7 V 7
. . - - - =
» Isolated objects clustered from calorimeter energy S 008 s :
deposits with associated ID track. TR 5 :
> < i < E
» Er>7 GeV,|n| <2.47 and |z sin(V)] < 0.5 mm 0.96, . s ]
{s=13TeV, 139 fb —+— Jp—uu Data E

g 02 S Il Stat only Sys @ Stat .|

® Muons (u).

» Combined track fit of Inner Detector and Muon
Spectrometer hits,

» pt>5GeV,|n| <2.7 |zo sin(V)| < 0.5 mm of “loose or
medium quality”
» Isolated objects

Data / MC

® Jets ().

» Energy deposit grouping with infra-red safe algorithm:

» pr>25GeVand |n| <45
+ Clustering with anti-kr R=0.4
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Object selection

® Electrons (e).

= 1 . —
S ;ATLAS Prehmmar [s=13TeV 1
» Isolated objects clustered from calorimeter energy = %ﬁ:FH—% +——
deposits with associated ID track. 0.9F =
» Er>7 GeV,|n| < 2.47 and |zo sin(¥)] < 0.5 mm 0.8 f 0.6 < Inl < 1.37 E
o7e converted y =
06 —=— Electron extrapolation (36.1fb™") =
0.5 —e— Matrix method (37.1f0™) -
® Muons (u). : ) :
045 ——Z — Iy (36.1fb™) E
» Combined track fit of Inner Detector and Muon - L L=
Spectrometer hits, 10 c ;gev]
» pt>5GeV,|n| <2.7 |zo sin(V)| < 0.5 mm of “loose or '
medium quality”
» Isolated objects
® Photons ().
» Clustering of calorimeter energy deposits.
» ldentified with rectangular cuts on shower shapes.
oY Brookhaven i {
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Object selection

y

_I ITT | TTTT | TTTT | rTTT T T T T T T T T T T T T T T T T T T T T
- <IJ~> ~ 24 —eo— | C+JES Jets
—— LC+JES Jets [JVF|>0.25

\s=8TeV —*— Particle Flow Jets
n|<1.0 ATLAS Simulation

® Electrons (e).

—
o
@

IIIII|IIII|IIII|I

» Isolated objects clustered from calorimeter energy
deposits with associated ID track.

» Er>7 GeV,|n| <2.47 and |z sin(V)] < 0.5 mm

—
o
N

—

II|IIII|IIII|IIIIIIII|IIII|IIII|III

Reconstruction Efficienc
o

o ¢

O

(0]
II|IIII|IIII|III

® Muons (u).
0.97
» Combined track fit of Inner Detector and Muon S
Spectrometer hits, 30 35 40 45 50 55 60 65 't'7o""75'"éo
» pT>5 GeV, |n| < 2.7 |z0 sin(D)| < 0.5 mm of “loose or Py [GeV]

medium quality”
» Isolated objects

® Jets ().

» Energy deposit grouping with infra-red safe algorithm:

» pt>25GeVand |n| <45
4+ Clustering with anti-kt, R=0.4

Tracking
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Muon pT resolution
® Resolution muon channels (4, 2e2u and 4y.) crucial for my uncertainty:

Mass measurement

» Excellent momentum resolution of about 1% at about pt 45 ~GeV.

® Momenta calibrated to J /) and Z samples in data

» for residual mis modelling of Eless in calorimeters, alighment precision etc.

» Including corrections to data accounting for alignment weak modes.

» Precision down to 0.5 per mille for [n|<I.0

x10°
% e L B B
= 4—_|||||||||_— (535__ATLAS -4-Data —
3 - ATLAS 4-Data ] @ F (s=13Tev, 271" —MC =
= " {s=13TeV, 2.7 fb" —MC = S 80z L -=-MC (uncor,)
= 3.5 > —] @ - Syst. uncert.
© - &£uu Syst. uncert. E o5l -
— ] = = -
3 — W .
— _ 20— —
2.5 — 15 =
= s = =
= 51— —
= ] o T S S SS SSS S
C§) 12;_ |||||
< Q 11F e
- A o9F
085_ |||||
75 80 85 90 95 00 105
m,, [GeV]
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Mass measurement

Muon pT resolution
® Resolution muon channels (4, 2e2u and 4y.) crucial for my uncertainty:

» Excellent momentum resolution of about 1% at about pt 45 ~GeV.

® Simulated momenta calibrated to J/{ and Z samples in data

» for residual mis modelling of Eloss in calorimeters, alighment precision etc.
» Uncertainty of about 0% on the resolution and 0.5% on the momentum scale.

x> ——————
S ) ATLAS Prafme T $  °[ ATLASPreiminary 4 Data E
92.5— ata 7 - ) |
= — ys=13TeV, 333 fb" —MC = o [ Vs=13TeV,36.1 " —MC -
Ex 923_28_ Mihad = C 45 Z-mu Syst. uncert —
S — —HH Syst. uncert. $ g ) ’ |
91.5;— —; E - .
91W 1__ ]
90.53— —f B _
= = 0.5 ]
90— — B i
o 1005__ ' —: O"[— I ! I hd
© . = [
()] ] =~
0.995 - o e — S .
25 2 15 1 05 0 0.5 1 15 2 25 o -
7]("llead) o 09:— E
80 8 90 9 100
m,, [GeV]
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Et(e/y) resolution Mass measurement
® Good energy calibration necessary for increased precision on mn

» Two step approach: i) material energy loss and ii) global calorimetric scale
from Z—ee data

® Jotal scale uncertainty of at 40 GeV at the per-mille level.
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0006 — === 0 pg calib. M . —] O 006 - lib —— ID material ]
- oL aterial ID to PS . - OUo— ---- 0pg calib. .
L - %p P Conversion eff. | - aow e Material ID to PS . -
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Energy scale uncertainty
Energy scale uncertainty
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Mass measurement
® //— vy updated result at Run Il. ArKiv:1506.00242

» Analytical function in kinematic and detector categories.

» Reduction of uncertainty through categorisation of events as a function of
resolution and signal significance.

® Expected statistical uncertainty of 0.2|1 GeV and 0.34 GeV systematic uncertainty

Em = 124.93 + 0.40 (0.21 stat only) GeV |

> m L B -
O — _
1) = 0 Data ATLAS -
< 600 ...... Background 1
2 - —— Signal + Background Vs =13 Te-V, 36.1 b ]
2 500 Signal In(1+S/B) weighted sum - 3 Source Systematic uncertainty in myg [MeV]
i] 4002_ E EM calorimeter response linearity 60
u ] Non-ID material 55
300 . EM calorimeter layer intercalibration 55
- 0% - 7 — ee calibration 45
200 = ID material 45
- . Lateral shower shape 40
100— ° Muon momentum scale 20
C o~ | | ] Conversion reconstruction . 20
2 o0k ' ' ' ' ' e H — ~v background modelling 20
§ O§ E H — ~~ vertex reconstruction 15
2 10§_ JE e/~ energy resolution 15
g 0 All other systematic uncertainties 10
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® /[/—vyy updated result at Run II.

Mass measurement

» Analytical function in kinematic and detector categories.

arXiv:1806.00242

» Reduction of uncertainty through categorisation of events as a function of
resolution and signal significance.

® Expected statistical uncertainty of 0.2|1 GeV and 0.34 GeV systematic uncertainty

-0.21 stat only) GeV

YY __ 1
3 =124.93 % 0.40 (
R I L B L I R B I
ATLAS ; s=13 TeV, 36.1 fb™
T H— | N
- YY _ .
BE o~
EE .
cc .
uc .
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A [GeV]
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) weights / GeV

Y weights - fitted bkg
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Run | status

® ATLAS run | precision on my of 0.33%

» combined measurement from H—yy and H— Z7*—48.

Channel Mass measurement [GeV]

H — yy 125.98 + 0.42 (stat) = 0.28 (syst) = 125.98 + 0.50
H— 77— 4¢ | 124.51 £ 0.52 (stat) + 0.06 (syst) = 124.51 £ 0.52
Combined 125.36 + 0.37 (stat) = 0.18 (syst) = 125.36 + 0.41

» For both channels dominated by statistical uncertainty

< 7_ IIIIIIII | T T | T 11 | L | L | L | T T | T 11 ]
% - ATLAS —— Combined yy+4l ]
v g Vs= 7TeV [Ldt=4.5fb" —— H—yy -

- Vs=8TeV [Ldt=20.3 fo! H —> 77* — 4] ]
5s— without systematics
4:— ------------------------------------------------------------------------ —:20
3t =
2 -
1:— ------------------------------------------------------------------- —:10
OCloe s liuii Nl b1
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